Background--We examined all-cause mortality and long-term thromboembolic risk (ischemic stroke, transient ischemic attack, systemic thromboembolism) in patients with and without familial atrial fibrillation (AF).
A complete understanding of atrial fibrillation (AF) and its pathophysiology is lacking. Since 1997, several singlepoint genetic loci have been correlated to AF, [1] [2] [3] [4] [5] suggesting a genetic etiology for AF, at least in some cases. Three specific genomic regions associated with AF were identified recently through genomewide association studies of chromosome 4q25, 16q22, and 1q21. [6] [7] [8] [9] In addition, recent studies showed that AF aggregates in families. [10] [11] [12] [13] [14] [15] These studies indicated that family history of AF may be considered an important risk factor for AF. Furthermore, patients with first-degree relatives diagnosed with AF (familial AF) have been shown to be younger and to have less comorbidity than AF patients without a family history of AF. [10] [11] [12] 16, 17 Nevertheless, no long-term outcome data exist for familial AF. Death and thromboembolism are important long-term complications of AF; for example, AF is associated with a 5-fold increased risk of stroke. 18 Antithrombotic treatment is used to prevent thromboembolic complications in these patients, and the treatment strategy is independent of family history of AF. Information regarding potential differences in these outcomes among familial and nonfamilial AF patients is needed to help clarify whether these 2 patient groups would benefit from different treatment strategies. The aim of this study was to examine all-cause mortality and thromboembolic risk (stroke, transient ischemic attack, systemic thromboembolism) in AF patients with familial AF compared with patients with nonfamilial AF.
Methods Data Sources
All residents of Denmark are included in a set of nationwide administrative registries. The Danish Civil Registration System (since 1968) holds complete information about sex and date of birth. 19 It includes complete information about parents (at least the mother) from 1930 onward and about siblings from 1942 onward. All in-and outpatient hospital contacts (not including general practitioner visits) in Denmark are registered in the Danish National Patient Registry (since 1978), in which all given diagnoses at discharge are registered in terms of International Classification of Diseases (ICD) codes. In Denmark, the eighth revision (ICD-8) was used until 1994, and the 10th revision (ICD-10) was used thereafter. 20 All dispensed prescriptions have been registered since 1995 at an individual level in the Danish National Registry of Medicinal Statistics. The registry is complete because all Danish pharmacies are mandated by law to register and report all filled prescriptions. 21 It is also mandatory under Danish law for physicians to complete a death certificate for any death occurring in Denmark. This certificate is registered in the Danish Register of Causes of Death, which holds information about the cause of death. 22 For the purpose of this study, we linked data from these 4 registries using personal identification numbers that all residents of Denmark are given at birth or immigration.
Study Patients
We included all Danish residents born after January 1, 1895, who were diagnosed with AF in the period from 1995 to 2012.
Adopted and stillborn persons were excluded. First, we identified all AF patients who had a proband diagnosed with AF and defined these patients as the familial AF patients that constituted the cases in the study. A proband was defined as a first-degree family member (parent or sibling) who was diagnosed with AF in the period 1978 to 2012 and prior to the date of the AF diagnosis of the case. Siblings were defined as 2 persons having the same mother. Second, we identified all AF patients without a proband with AF (controls). We excluded all controls without registration of both parents. We matched the cases and the controls with a 1:1 match for age at AF diagnosis, year of AF diagnosis, and sex, using the Greedy Match method (http://www.mayo.edu/research/documents/gmatchsas/doc-10027248). Patient selection is shown in Figure 1 .
The diagnosis of AF was obtained from the Danish National Patient Registry and was defined as a combined diagnosis of AF and atrial flutter (ICD-8 codes 4279 and 42793 and ICD-10 code I48). This diagnosis was validated in a Danish registry-based study with a positive predictive value of 92.6% (95% CI 88.8-95.2%) and no significant difference between sexes (positive predictive value 2.8%, 95% CI À3.4% to 9.0%). 23 
Outcomes
Information about time of death was obtained from the Danish Civil Registration System. A thromboembolic event was defined as stroke (ICD-10 codes I63 and I64), transient ischemic attack (ICD-10 codes G45.8 and G45.9), or systemic embolism (ICD-10 code I74), and data were obtained from the Danish National Patient Registry and the Danish Register of Causes of Death. Patients were followed from the date of their AF diagnosis until the time of event, emigration, death, or the end of study period (December 31, 2012), whichever came first. The accumulation of risk-time began at the date of AF diagnosis.
Statistics
Baseline characteristics including patient demographics, comorbidities, use of pharmacotherapy (in a period from 3 months before the diagnosis of AF until 7 days after discharge), and CHA 2 DS 2 -VASc score are presented by family history of AF. Characteristics were compared using the Kruskal-Wallis test for continuous variables and the chisquare test for categorical variables. The CHA 2 DS 2 -VASc score was calculated, as described previously. 24 Using the Kaplan-Meier estimator, we calculated the survival probability according to family history of AF. The cumulative incidence of a thromboembolic outcome in the 2 groups of patients was assessed using the Aalen-Johansen estimator (incorporating the competing risk of death). We tested for differences between the 2 groups using the Fine and Gray test. We estimated the association of a family history of AF with each outcome using multivariable adjusted Cox proportional hazards models. We adjusted for age at AF diagnosis, year of AF diagnosis, sex, comorbidities (including dementia; AIDS; stroke, transient ischemic attack, or systemic embolism; diabetes mellitus; heart valve disease; vascular disease; liver disease; thyroid disease; ischemic heart disease; nonischemic dilated cardiomyopathy; renal disease; hemi-or paraplegia; peptic ulcer; congenital anomalies of the heart; chronic obstructive pulmonary disease; rheumatic disease; cancer; prior shock or sepsis; arrhythmia; heart failure; alcohol abuse; and hypertension), and concomitant pharmacotherapy including nonsteroidal anti-inflammatory drugs, digoxin, corticosteroids, thyroid medication, statins, vitamin K antagonists, antithrombotic medication, non-vitamin K antagonists, class IC antiarrhythmic drugs, class III antiarrhythmic drugs, and verapamil. Tables S1 and S2 specify comorbidities and pharmacotherapy. Finally, we tested for interactions of death and thromboembolic events with ischemic heart disease, peripheral vascular disease, and diabetes mellitus. All model assumptions were tested and found to be valid unless otherwise indicated. A P value <0.05 was considered statistically significant. All statistical analyses were performed in SAS statistical software version 9.4 (SAS Institute) and RStudio (Foundation for Open Access Statistics).
Premature Familial AF
As a selected sensitivity analysis, we restricted the group of familial AF patients to those with a first-degree family member diagnosed with AF before age 70 years. We matched those patients with nonfamilial AF patients based on age at AF diagnosis, year of AF diagnosis, and sex and compared the 2 groups regarding their risk of stroke and all-cause mortality.
Ethics
Approval from the Research Ethics Committee System is not required for retrospective registry-based studies in Denmark. The Danish Data Protection Agency approved use of the data for this study (reference number: 2007-58-0015/GEH-2014-013 I-Suite number: 02731).
Results
We identified a total of 232 172 AF patients diagnosed with AF in Denmark in the period from 1995 to 2012. Of those patients, 4332 had at least 1 AF proband. The cases were matched with the same number of controls, leaving 3 familial AF patients without a suitable match ( Figure 1 ). Table 1 shows the baseline demographics and comorbidities of patients with and without family history of AF. The median age of familial and nonfamilial AF patients was 50 years (interquartile range [IQR] 43-54 years). In the entire Danish AF population diagnosed during 1995 to 2012, the median age at AF diagnosis was 77 years (IQR 67-84 years). In the entire AF population, 47% were women, whereas only 21.4% of the familial AF patients were women. In general, the matched nonfamilial AF patients had more comorbid illness, including ischemic heart disease, vascular disease, diabetes mellitus, alcohol abuse, peptic ulcer, and prior hospital admission for shock and sepsis. For other comorbidities, the 2 groups of patients were comparable. No significant difference in CHA 2 DS 2 VASc scores existed between the 2 groups of patients (median CHA 2 DS 2 VASc score 0 [IQR 0-1] for both patient groups, P=0.155). Table 2 shows the use of pharmacotherapy at baseline. Patients with nonfamilial AF received significantly more treatment for comorbidities (including antiplatelets and statins), whereas more patients with familial AF received vitamin K antagonists and verapamil.
Outcomes
The median follow-up time from AF diagnosis was 3.4 years (IQR 1.5-6.5 years) for familial AF patients and 3.3 years (IQR 3.3-6.4 years) for nonfamilial AF patients. After the first year since AF diagnosis, 4.8% of the familial AF patients and 5.4% of the nonfamilial AF patients were deceased. At 10 years after the date of the AF diagnosis, 14.8% and 17.3% of the familial and nonfamilial AF patients, respectively, were deceased ( Figure 2 ). In total, 1.6% of the patients with familial AF and 1.7% of the nonfamilial AF patients had a thromboembolic event during the first year after the AF diagnosis. After 10 years of follow-up, 6.2% of the familial AF patients and 5.8% of the nonfamilial AF patients had a thromboembolic event. The median age at death was 53 years (IQR 47-57 years) for the familial AF group and 53 years (IQR 48-57 years) for the nonfamilial AF group. The analysis yielded a higher survival probability in familial AF patients compared with nonfamilial AF patients during follow-up (log-rank P=0.01). Figure 3 illustrates the cumulative incidence of thromboembolic events in patients with familial versus nonfamilial AF. No differences were seen between the 2 groups (P=0.51). Figure 4 shows the incidence rates and adjusted hazard ratios (HRs) of death and thromboembolism among patients with family history of AF compared with those without family history of AF. The crude HRs for death were significantly lower in familial AF patients compared with nonfamilial AF patients (HR 0.85, 95% CI 0.74-0.97), but after adjustment for covariates, no differences were seen between the familial and nonfamilial AF patients in terms of death (HR 0.91, 95% CI 0.79-1.04) and thromboembolism (HR 0.90, 95% CI 0.71-1.14). No interactions with ischemic heart disease, vascular disease, and diabetes mellitus were found for the main outcomes.
Premature Familial AF
Restricting the familial AF patient group to AF patients with a first-degree family member diagnosed with AF before age 70 years resulted in a group of 2896 familial AF patients matched with the same number of nonfamilial AF patients. Figure 5 illustrates the incidence rates and crude and adjusted HRs of death and thromboembolic events by family history of AF. No differences were found between familial and nonfamilial AF patients regarding risk of thromboembolic events. Regarding all-cause mortality, the familial AF patients had a significantly lower risk of death compared with the nonfamilial AF patients (HR 0.83, 95% CI 0.69-0.99).
Discussion
This study examined a total of 8658 familial and nonfamilial AF patients who were matched into 4329 clinically similar pairs (same age at diagnosis, year of diagnosis, and sex). Our study yielded 4 main findings. First, familial AF was diagnosed at a young age. Second, %80% of patients with familial AF were men. Third, patients with familial AF had less comorbid illness than patients with nonfamilial AF. Fourth, after adjustments for comorbidities and concomitant pharmacotherapy, long-term clinical outcomes were similar for familial and nonfamilial AF patients. Several studies have found the increased risk of AF in those with a family member diagnosed with AF to be dependent on the age of the family member at AF diagnosis; low age at AF diagnosis increases the risk of family members developing AF. [10] [11] [12] 16 In previous work from the Outcomes (ORBIT-AF), we compared familial and nonfamilial AF patients and found familial AF patients to be significantly younger at
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AF diagnosis than nonfamilial AF patients (median age 65 years [IQR 63-79 years] versus 70 years [IQR 61-77 years])
. 17 In this study, the age difference was even more evident, with a median age at AF diagnosis for the familial AF patients of 50 years (IQR 43-54 years) compared with the nonfamilial AF patients, who had a median age at AF diagnosis of 77 years (IQR 67-84 years). This finding supports the hypothesis of a genetic predisposition to AF. A study reporting the worldwide epidemiology of AF found a higher proportion of men diagnosed with AF compared with Figure 4 . Incidence rates and adjusted hazard ratios (HRs) of long-term outcomes (death and thromboembolic complications) according to family history of atrial fibrillation (AF). Covariates in the adjusted model: age at AF diagnosis, year of AF diagnosis, sex, comorbidities (including dementia; AIDS; stroke, transient ischemic attack, or systemic embolism; diabetes mellitus; heart valve disease; vascular disease; liver disease; thyroid disease; ischemic heart disease; renal disease; hemi-or paraplegia; peptic ulcer; congenital anomalies of the heart; chronic obstructive lung disease; rheumatic disease; cancer; prior shock or sepsis; arrhythmia; heart failure; alcohol abuse; and hypertension), and concomitant pharmacotherapy including nonsteroidal anti-inflammatory drugs, digoxin, corticosteroids, thyroid medication, statins, vitamin K antagonists, antithrombotic medication, non-vitamin K antagonists, class IC antiarrhythmic drugs, class III antiarrhythmic drugs, and verapamil. *Per 1000 person-years. Figure 5 . For premature familial atrial fibrillation (AF), incidence rates and adjusted hazard ratios (HRs) of long-term outcomes (death and thromboembolic complications) according to family history of atrial AF. Familial AF patients were defined as AF patients with a first-degree family member diagnosed with AF before age 70 years. Covariates in the adjusted model: age at AF diagnosis, year of AF diagnosis, sex, comorbidities (including dementia; aids; stroke, transient ischemic attack, or systemic embolism; diabetes mellitus; heart valve disease; vascular disease; liver disease; thyroid disease; ischemic heart disease; renal disease; hemi-or paraplegia; peptic ulcer; congenital anomalies of the heart; chronic obstructive lung disease; rheumatic disease; cancer; prior shock or sepsis; arrhythmia; heart failure; alcohol abuse; and hypertension), and concomitant pharmacotherapy including nonsteroidal anti-inflammatory drugs, digoxin, corticosteroids, thyroid medication, statins, vitamin K antagonists, antithrombotic medication, non-vitamin K antagonists, class IC antiarrhythmic drugs, class III antiarrhythmic drugs, and verapamil. *Per 1000 person-years.
women, 25 and the Framingham Heart Study found male sex to be an independent risk factor for developing AF. 26 In this study, only 21.4% of the patients were women, and in a study by Øyen et al including all lone AF patients in Denmark aged <60 years, 29.5% were women. 12 In contrast, almost half of the entire AF population in Denmark is composed of women (47%). The increasing population of especially elderly women may explain this sex difference across ages.
In the study from ORBIT-AF, we found familial AF patients to have less comorbid illness than nonfamilial AF patients, including chronic obstructive pulmonary disease and coronary artery disease. Despite this, no differences existed in median CHA 2 DS 2 -VASc scores between the 2 patient groups. 17 This finding is partly in accordance with our results in this report, in which we found lower prevalence of ischemic heart disease and several other comorbidities in patients with familial AF, whereas the 2 patient groups were comparable in terms of CHA 2 DS 2 -VASc score. In the ORBIT-AF study, the familial AF patients had less comorbidity but more symptoms than nonfamilial AF patients, and this result was independent of age. In this current study, it was not possible to compare symptom burden in the 2 patient groups.
We followed familial and nonfamilial AF patients for longterm follow-up and found that patients with familial AF had significantly lower crude risk of all-cause mortality compared with nonfamilial AF patients. The 2 patient groups were comparable regarding crude long-term risk of thromboembolic events. The crude increased risk of death for nonfamilial AF patients was expected because of the increased comorbidity in nonfamilial AF patients, and after multivariable risk adjustment, the difference was not statistically significant. The differences in risk of thromboembolic events in familial and nonfamilial patients remained insignificant after multivariable adjustment. Despite statistical nonsignificance, we cannot fully exclude the possibility of a difference in thromboembolic risk between familial and nonfamilial AF patients. In a selected sensitivity analysis, we restricted the group of familial AF patients to those with a first-degree family member diagnosed with AF before age 70 years. This did not change the results remarkably, but the risk of death became significantly lower among familial AF patients compared with nonfamilial AF patients, even in the adjusted analysis.
The recent acknowledgement of a familial form of AF should lead to considerations about the clinical course of familial AF and whether familial AF patients would benefit from another treatment strategy than the general AF population. We previously found that familial AF patients had more symptoms than nonfamilial AF patients. 17 In this study, the focus was on death and thromboembolic complications. We found no differences in the long-term risk of thromboembolic complications between familial and nonfamilial AF patients, but a trend was noted toward lower risk of death for familial AF patients compared with nonfamilial AF patients. Consequently, our results do not suggest different antithrombotic treatment approaches for familial AF patients and the general AF population. In 2013, Christophersen et al reported a higher rate of death among AF patients with a twin diagnosed with AF compared with AF patients with a twin without AF. 27 In our previous work from ORBIT-AF, we found no differences in risk of death and thromboembolic complications in patients with and without familial AF. The present study is, to our knowledge, the first to examine the risk of death and thromboembolic complications during long-term follow up, and more studies are needed to further confirm these results. In addition, this study did not focus on specific genetic mutations associated with AF, and studies of genetic subgroups of familial AF and their long-term risk of complications are warranted. This study has several limitations. First, we did not have relevant demographic variables such as blood pressure, body mass index, and race. In addition, no data about specific families, lifestyle factors, and familial hypertension were available. We also were not able to differentiate between paroxysmal, persistent, and permanent AF. The study was a retrospective registry study that did not allow for any causation to be drawn but rather only associations. In contrast, the Danish registries include complete and nationwide data and hold a unique and unselected sample of persons with complete information and many years of followup. Second, the registries included complete family information only from 1942 onward. This may have resulted in underestimation of patients with familial AF. Third, we ended up excluding the majority of the control group by excluding those without complete information about both parents. This was done to ensure that the controls did not have an unknown parent diagnosed with AF. Because the familial AF population was very young and because the complete registration of both parents improved over time, the remaining controls were young, and thus it was possible to do an almost complete 1:1 match of cases and controls without compromising the matching criteria. Fourth, the Danish National Patient Registry included only data from hospital contacts, and it is possible that some patients were diagnosed and treated by general practitioners. This may have caused some degree of selection bias, albeit minimal.
In conclusion, in a nationwide cohort, we found that familial AF was diagnosed at a younger age and more often in men compared with nonfamilial AF patients. Patients with familial AF had less comorbid illness than nonfamilial AF patients matched for age, year of diagnosis, and sex but did not differ significantly in their long-term adjusted risks of allcause mortality and thromboembolic complications. 
